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Specifications 
Title of the invention 
FUEL ASSEMBLY 

Claim 

Claim 1. A fuel assembly for a light water-cooled nuclear 
reactor, having one # or a plurality of water rods, comprised of 
water rods having a flow rate adjusting portion which can adjust 
/ the cooling water flow rate within the water rods without the fuel 
\/ assembly being removed from the reactor core. 
/ ^Detailed Specifications 

(Industrial field of utilization) 

The present invention relates to a fuel assembly for a light 
water- cooled nuclear reactor, and more particularly to a fuel 
assembly which improves fuel economy by varying the ratio of 
I liquid to vapor in the water rods between the early and later 
V stages of fuel burning by adjusting the flow rate of the cooling 
water within the water rods. 
(Prior art) 

A boiling water reactor is used as the example. In the 
boiling water reactor, the axial output distribution is such that 
the neutron thermal! zat ion in the lower portion of the core is 
more advanced than the upper portion of the core because the void 
ratio (percentage of volume taken up by vapor) increases towards 
the upper section (because a low void ratio means that the 
neutrons are further decelerated) . The position of the output peak 
is therefore skewed towards the lower portion of the core. 
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Consider the cross section of the core: the output distribution is 
such that the hot neutron density becomes high in the vicinity of 
the fuel assembly because of the moderator in the bypass portion. 
As a result, the output peak occurs at the fuel rods in the 
vicinity of the fuel assembly. 

Current designs of reactor cores reduce the output peak in 
the fuel assembly as much as possible in order to ensure fuel rod 
integrity and improve the plant utilization factor. It is 
necessary to increase the output of the central portion in order 
to suppress the output peak in the vicinity of the fuel assembly. 
For this reason, rods, or water rods, through which only the 
moderator passes, are used in the central portion of the fuel 
assembly instead of fuel. 

However, with the development of PCI (fuel -coated cylinder 
interaction) for barrier fuels and the like as a result of recent 
developments in fuel technology, the leveling of output 
distribution in the fuel assembly has become unnecessary and 
linear output density can be increased within a range wherein fuel 
integrity can be maintained. New designs are used for this type of 
reactor core . 

One of these is the spectral shift operation. The percentage 
of vapor void in the core is increased or the percentage of 
cooling water is decreased, whereby the neutron moderation 
function is weakened by the moderator (light water is used as the 
coolant and the moderator in a light water-cooled reactor) . The 
energy spectra of the neutrons are solidified (increasing the 
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percentage of high energy neutron quanta) and as a result, the 
absorption of high energy neutrons increases. This results in 
increased plutonium generation by the high energy neutrons, and 
fuel economy can be improved by burning that plutonium. 

The means for changing the vapor void ratio and the 
percentage of cooling water include the method of varying the core 
flux or the method of inserting filler in the water rod or bypass 
region. 

The example used here is a pressurized water reactor. In a 
pressurized water reactor, water elimination rods, with the object 
of eliminating the cooling water without including highly neutron- 
absorbent materials, are used in the control rods. This operation 
method is used in a pressurized water reactor as follows: these 
control rods for water elimination are inserted into the core in 
the initial stages of combustion, the water to uranium ratio is 
reduced and the amount of plutonium generated increases as a 
result of the spectra shift effect. Oppositely, the rods are 
removed from the core in the second half of the combustion 
process, the water to uranium ratio is increased, and the 
reactivity is increased. 
(Objective) r 

It is an object of the present invention to control the void 
ratio by controlling the flow rate within the water rods; being 
one type of fuel assembly constituent. In the first stage of fuel 
burning, the accumulation of plutonium is increased by increasing 
the void ratio; in the later stages of burning, the neutron 
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moderation effects, are increased by making the void ratio zero. 
The reactivity, as well as the abovementioned plutonium 
accumulation effects are increased and it thereby becomes possible 
to provide a fuel assembly which increases fuel burnability. 
(Operation) 

A boiling water reactor is used as the example. In a boiling 
water reactor, voids occur during reactor operation and as a 
result, the moderation effects of the moderator decrease and 
neutron spectra are solidified. Accordingly, the fuel assemblies 
used in high void . ratio operations have harder neutron spectra 
than the fuel assemblies used in low void ratio operations and 
increased absorption of high energy neutrons. Therefore, they 
result in increased plutonium accumulation. This accumulation is 
greater than during the combustion period at a high void ratio. 

Therefore, during the first half of the period when fuel 
assemblies are loaded in the reactor, the fuel burns at a high 
void ratio and brings about a high generation of plutonium. During 
the second half, the void ratio is decreased, the resulting 
plutonium generated thereby contributes to reactivity, and the 
reactivity of the reactor and the burnability of the fuel are 
increased. This is the action of the spectra shift effect. 

In the present invention, the concept of reverse operation 
using conventional water rods was considered as means to attain 
this spectra shift effect. Because of the flattened output 
distribution within the fuel assembly, conventional water rods are 
used with a void ratio of zero while installed in the reactor. 



Recent developments in fuel technology have made the flattening 
unnecessary. In the initial fuel combustion stage, therefore, the 
water rods have a high void ratio and increase plutonium 
accumulation; oppositely, in the later combustion stages, the 
water rods increase reactivity and burnability of the fuel by 
reducing the void ratio to zero. 

The abovementioned effects are the same for pressurized water 
reactors . 

(Working examples) 

The working examples of the present invention are explained 
below. 

Figure 1 shows a cross section of the upper portion of a 
conventional fuel assembly. In Figure 1, 1 and 2 are fuel rods, 3 
is a water rod, 5 is an upper tie plate; 1 is a regular rod and 2 
is a tie rod. 6 is the cooling water outlet for a water rod. 

Figure 2 shows the constitution of a fuel assembly. In Figure 
2, 7 is the cooling water inlet for the water rod. The cooling 
water flows from the cooling water inlet 7 through the water rod 
tube and out the cooling water outlet 6. 

In the conventional water rod, the size and number of the 
holes for the cooling water inlets and outlets 6 and 7 are 
determined so that vapor is not generated within the water rod. 

Figure 3 shows a schematic diagram of the water rod portion 
of the present invention. The external portions are the same as in 
Figures 1 and 2. In Figure 3, 11 is the water rod main body, 12 is 



the upper end plug, 13 is the cooling water passage provided at 
the upper end plug, 14 is the screw with a small passage, 18 is 
the screw hole thereof, and 15 is the cooling water inlet. The 
cooling water flows in from the cooling water inlet 15, passes 
through the water rod main body 11, and flows out through the 
screw hole 18. While passing through the water rod 11, the cooling 
water is heated and generates voids. When the flow rate of the 
cooling water is low, the void ratio becomes high; oppositely, the 
void ratio decreases as the flow rate of the cooling water is 
increased and eventually becomes zero. 

In the present invention; when the screw 14 is present as in 
Figure 3, the flow rate of the cooling water is low and the void 
ratio is thereby high. Oppositely, when the screw 14 is removed, 
the cooling water flow rate increases and the void ratio can 
become zero . 

Figure 4 shows the situation of a water rod with a small 
screw hole 18 established in the upper end plug of the water rod 
relating to the present invention. In Figure 4, 16 is the vapor 
void, 17 is the cooling water (liquid) . By adjusting the diameter 
of the screw hole 18 and increasing the resistance to vapor 
outflow, the vapor pressure within the water rod and water 
pressure outside the water rod can be balanced, making it possible 
for the vapor void 16 to fill the rod up to the location of the 
cooling material [sic] inlet 15. 

Figure 5 shows an example of a core where the fuel relating 
to the present invention is installed. The no. 1 fuel in Figure 5 
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is a fuel assembly which has passed through less than one cycle 
since installation. The numbers 2, 3, and 4 are likewise. The 
screws 14, as in Figure 3, are present in the water rods in the 
nos . 1 and 2 fuel assemblies. The screws 14 are removed from the 
water rods in the nos. 3 and 4 fuel assemblies. 

The fuel assemblies of the present invention are constituted 
as in Figures 3 and 5. Therefore, they have the effects as shown 
in Figure 6. In other words, the cooling water flow is controlled 
with the screws in the first and second cycles where the 
reactivity of the fuel assemblies is high. Many voids are 
generated in the water rod, resulting in the accumulation of 
plutonium. Removing the screws in the third cycle fills the water 
rod with cooling water and at the same time increases reactivity. 
Further increases in reactivity can be expected as a result of the 
effects of accumulating plutonium in the first and second cycles. 
Moreover, the screws 14 may also be made without the small 
passages . 

The water rods relating to the present invention can also be 
used in fuel assemblies for pressurized water reactors and the 
same functions as above can be attained thereby. 

Furthermore, Figure 7 shows a modification of the water rods 
relating to the present invention. In Figure 7, 21 is a heating 
element. This modification to the present invention can increase 
the vapor void filling the water rod, because the heating element 
increases vapor void generation. 

Figure 8 shows a modification to the water rods relating to 
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the present invention. In Figure 8, 15 is a lower end plug, 16 is 
a cooling water passage installed in the lower end plug, and 17 is 
a screw with a small passage 19. In Figure 8, the control of the 
flow rate within the water rods can be further varied by mounting 
the screws 17 in the lower portion as well. 
(Effects of the invention) 

The present invention has the following effects. 

1. The spectra shift of neutrons within light water reactors, 
retrievable burnability of fuel assemblies, and fuel economy can 
be increased by improving some of the water rods in current fuel 
assemblies . 

2. Because neutron moderation effects are not achieved using 
special fillers, there are no problems such as decreased economy 
due to absorption of neutrons by the fillers and increases in 
waste materials due to the use of fillers. 

3. Flow rate can be easily adjusted while fuel remains in the 
core because of the flow rate adjustment portion established on 
the upper part of the fuel assembly. 

Brief explanation of the figures 

Figure 1 is a cross sectional view of the upper portion of a 
conventional fuel assembly; Figure 2 shows the constitution of an 
entire conventional fuel assembly; Figure 3 is a schematic diagram 
of a rod relating to the present invention; Figure 4 shows the 
internal situation of a rod relating to the present invention; 
Figure 5 shows the constitution of a core wherein fuel assemblies 
relating to one working example of the present invention are 
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installed; Figure • 6 is a graph of the effects of the present 
invention; Figure 7 is a cross sectional view of a modification to 
the present invention; and Figure 8 is a cross sectional view of 
another modification thereto. 12... upper end plug, 13... cooling 
water passage in upper end plug, 14... screws. 



Figure 1 



Figure 2 



Figure 3 
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Figure 4 



Figure 5 



Figure 6 
[Key:] 

A. Cycle 1, Cycle 2, Cycle 3; B. Infinite multiplication factor; 
C. With screw; D. Without screw;. E. Present invention; F. Water to 
uranium ratio 
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